Introduction Previous studies of scorpion envenomation in the United States (US) have focused on Arizona and the bark scorpion, Centruroides sculpturatus. Although many other scorpion species live in the US, information about envenomations in other states is lacking. Methods Nationwide scorpion exposures from 2005 to 2015 were analyzed using the National Poison Data System. Results Of the 185,402 total exposures, Arizona (68.2%), Texas (10.3%), and Nevada (4.2%) were the top contributors. However, six other southern states reported greater than 100 cases annually, primarily during the warmer months and evening hours. Envenomations occurred most often in a home (97.8%) and were typically managed on-site (90.1%). Pain was the most common effect nationwide (88.7%). Arizona had the highest frequencies of sensory, neuromuscular, and respiratory effects along with higher hospitalization and ICU admission rates, although the latter appeared to drop over the study period. In contrast, local skin effects such as erythema and edema were more common outside of Arizona. Children under 10 years of age in Arizona and Nevada had the highest rates of systemic effects, hospitalization, and ICU admission. Conclusions Scorpion envenomations occurred throughout the southern US with similar seasonal and daily variations. Common clinical effects included pain, local edema, and erythema, except in Arizona and Nevada where severe systemic symptoms were more common. Systemic effects correlated with high rates of ICU admissions and intubations, especially in children under 10 years of age.
Introduction
In 2014, poison control centers (PCCs) in the United States (US) received more than 16,000 reports of scorpion envenomation [1] . This was for more than any other insect and more than snakes and spiders combined. In fact, scorpion exposures accounted for nearly 30% of all reports concerning bites, stings, or envenomations. It is generally accepted that the only native US scorpion species of medical significance is the Arizona bark scorpion, Centruroides sculpturatus (previously known as C. gertschi, striped variant [2] , and C. exilicauda [3] ). Historically, the sting of this scorpion was the leading cause of death by envenomation in Arizona between 1929 and 1948 [4] . Consequently, most previous studies of the epidemiology of scorpion envenomations in the US have focused on Arizona and C. sculpturatus. These studies have shown that children are more severely affected [5] [6] [7] and that envenomations are most frequent in August-September [6] . Within the US, the geographic distribution of this species is thought to be limited to Arizona [2] and small parts of the neighboring states of New Mexico [8] , Nevada [5] , Texas, and California [9] . Other scorpions in Texas, especially C. vittatus (striped bark scorpion), also cause a large number of exposures during the summer months but only rarely result in major effects [10] .
Comparing the annual nationwide case volumes reported to the American Association of Poison Control Centers (AAPCC) with those reported from Arizona and Texas, there remain several thousand annual exposures unaccounted for from other states. There is little data regarding the epidemiology, clinical effects, and outcomes from scorpion envenomation in these other states, with an overall lack of knowledge concerning the frequency and significance of these exposures. While a small number may be from travel-related inadvertently imported scorpions or pet scorpions, these likely contribute little to the overall number. We undertook this study to better understand the current distribution and impact of scorpion envenomations throughout the US.
Methods
All US PCCs submit case data to the AAPCC's National Poison Data System (NPDS) on a near real-time basis. Data were obtained for all human scorpion exposures reported during the 11-year period from January 1, 2005 through December 31, 2015. The data analyzed included the date and time of the report, exposure and reporter site, patient age and gender, route of exposure, signs and symptoms, management site, treatments, and medical outcome. Duplicated records (n = 5), cases with a confirmed non-exposure (n = 128), and those not originating from one of the fifty US states (n = 440) were excluded. For analysis of clinical effects, only those manifestations recorded as related to the exposure were included. For analysis of treatments, only those recorded as Bperformed^or Brecommended and performed^were included. ArcGIS ( © Esri Inc., version 10.4.1) was used to generate a state-level frequency map using state boundary data from the US Census Bureau.
This study was approved by the institutional review board at Banner-University Medical Center Phoenix.
Results
There were 185,402 scorpion exposures over the 11-year study period, corresponding to an average of 16,855 cases per year nationwide. Almost all exposures were stings (sometimes coded as dermal or parenteral) except for 1510 (0.8%) coded as ingestions, with 49 of these reported as intentional. Females accounted for 105,038 (56.7%) of patients while 276 (0.1%) were unknown gender. The majority of exposures occurred in a residence (181,372; 97.8%), most reports came from a residence (165,342; 89.2%), and most were managed on-site (167,007; 90.1%).
Geographic Distribution
Scorpion exposures were reported from every US state and the District of Columbia, although at very low numbers for many of them (Fig. 1) 
Time of Exposure
Exposures occurred throughout the year but at lower levels in colder months from December-February (Fig. 2) . Even during these colder months in Arizona, monthly exposure frequency did not drop below 300 cases. Exposures began to increase in March and peaked at various times depending on the state. In Arizona and Nevada, a sustained peak from June-September was evident. Exposures in Texas, Georgia, and Florida peaked in May-June, while New Mexico and Oklahoma had later peaks in July-August. California had a late peak in AugustSeptember. Alabama appeared to have two peaks, once in May and again in September.
The daily pattern of exposures is shown in Fig. 3 . Case frequency during the day was constant, increased after 5 PM, and peaked between 9 PM and 11 PM (8 PM-11 PM in Arizona). Unique to Arizona was a secondary peak in the morning (7-10 AM) as well. Cases were least frequent during the early morning hours of 2 AM through 6 AM. These patterns were consistent for each decade of age both in Arizona and nationwide.
Signs and Symptoms
Major effects are defined by the AAPCC as life-threatening signs or symptoms (e.g., status epilepticus, respiratory compromise requiring intubation, cardiac or respiratory arrest) or a significant residual disability or disfigurement. Such effects were reported 276 times, with most of these in Arizona (251; 0.2% of Arizona cases) and Nevada (10; 0.1% of Nevada cases), as shown in Table 1 . Notably, the annual frequency of major effects in Arizona did not change over the study period. Children under 10 years of age accounted for 184 (66.7%) of these major effects.
Five cardiac arrests were reported, though two were coded as unrelated to the scorpion exposure. Of the remaining three, two appeared to have survived. One was an infant from Arizona who reportedly experienced agitation, fasciculations, roving eye movements, and hypertension, along with dyspnea, excess secretions, and respiratory arrest. Another was a middle-aged adult in Florida documented as having respiratory depression, muscle weakness and paralysis, necrosis, and coma. Both were intubated, received chest compressions and antivenom. The remaining case was a previously reported death from Arizona in 2013.
The most common complaint from scorpion exposures nationwide was pain (164,394; 88.7%). Arizona exposures had a higher frequency of numbness (83.9%) compared to other states. Local skin findings of edema or erythema were rare in Arizona (0.9% each) but were variable elsewhere. For the eight other states receiving more than 100 reports per year, edema ranged from 5.5% in California to 19.5% in Alabama, while erythema ranged from 6.6% in California to 41.2% in Alabama. Agitation, nystagmus, and excessive secretions were relatively infrequent overall but most common in Arizona. These symptoms, along with vomiting, were much more common among children under 10 years of age.
Outcomes
Among the 16,275 (8.8%) patients referred to or evaluated at a healthcare facility (HCF), 12,542 (77%) were Children under 10 years of age had the highest rate of hospitalizations (2.1%) and ICU admissions (1.6%) as seen in Table 3 . In this age group, 84.3% (424 of 503) of Arizona admissions and 56.5% (26 of 46) in Nevada were to an ICU. Older patients (70 years and above) also had higher hospitalization rates, although no major effects were reported in any patient over 80 years of age.
Therapies
The most frequently performed treatments were irrigation/ washing (153,189; 82.6%) followed by antihistamines (14,483; 7.8%). Vasopressor use was rare, with only 32 instances recorded. Among the 155 reported intubations, 54 of these patients received antivenom. The data set does provide order of interventions. Most benzodiazepine and antivenom administrations, as well as intubations occurred in Arizona (Table 2 ). Again, the youngest age group of children under 10 years of age had the highest frequencies of benzodiazepine and antivenom usage as well as intubations (Table 3) . Antivenom use peaked in 2010 and remained stable at a lower Benzodiazepine use remained relatively stable during those same years while the number of reported intubations decreased by the end of the study period.
Discussion
Nearly 17,000 annual scorpion exposures were reported to US PCCs between 2005 and 2015. Nine states had an annual average of more than 100 cases, with Arizona, Texas, and Nevada being the top three. Based on these data, scorpion envenomations are occurring in many states with an annual incidence suggesting the exposures are from local (not imported) species. Fortunately, most exposures were mild enough to be managed at home. Pain was the most commonly reported complaint nationwide. Several US scorpion species, including C. vittatus and Vaejovis spinigerus, are known to cause pain [11] and inject an α-toxin that opens sodium channels on nociceptive neurons [12] .
Local skin effects of edema and erythema were infrequent in Arizona, which is typical of C. sculpturatus envenomations. The venom of another Arizona scorpion, V. spinigerus, is known to cause local edema [13, 14] . Outside of Arizona, local skin effects were reported more frequently but with considerable variation. In Texas and the neighboring states of Oklahoma, Arkansas, and Louisiana, C. vittatus is common [15, 16] . Although this species is not typically associated with local erythema or edema [11] , there is a risk of hypersensitivity reactions with repeated exposures [17] [18] [19] , or even on an initial exposure due to cross-reactivity from the venom of the imported fire ant (Solenopsis spp.) [18] , which is endemic in an overlapping area. Farther east, Vaejovis carolinianus (southern unstriped scorpion) is concentrated in Kentucky, Tennessee, and northern Alabama and Georgia [15] . Stings from this species may cause local reactions and possibly even necrotic skin lesions [20] , although this has not been systematically studied.
In the Southeast US, few species are reported [15] , and three of them are Centruroides: C. hentzi (Hentz striped scorpion) [15, 21] ; C. gracilis (slenderbrown scorpion); and C. guanensis. We were unable to locate any studies on the effects of venom from these species in the medical literature. Arizona exposures were unique in causing the highest frequencies of systemic symptoms like numbness, agitation, nystagmus, and excessive secretions (which were not reported in other regions). Many scorpion species are known to live in Arizona, including Hadrurus arizonensis (desert hairy scorpion) and the V. Bvorhiesi^group. The latter is also known as the Bsky island^Vaejovis because of their limited geographic distribution to the sky islands of Arizona and New Mexico [13, 22] . None of these are known to cause these systemic effects.
This data set included three cardiac arrests that were thought to be related to scorpion envenomation. The details of one have already been reported in the literature [1] . Interestingly, the other two cases appear to have survived. Since NPDS data relies on voluntary reports, it is likely that deaths are missed. Indeed, the Wide-ranging Online Data for Epidemiologic Research (WONDER) database from the Centers for Disease Control and Prevention (CDC), which uses death reports submitted by individual states, reported seven deaths due to scorpion envenomation between 1979 and 1999 [10] . From 1999 to 2014, another seven deaths are listed for an Bunderlying cause of death^of Bcontact with scorpions^(ICD10 = X22). Further, details such as age or state are suppressed for the 1999-2014 data due to the small number.
Although deaths have been rare recently, ICU admissions increased considerably when Arizona supplies of the goatderived antivenom ran out in 2004 [23] . In 2007, a clinical trial of the equine Centruroides Immune F(ab') 2 antivenom began (ClinicalTrials.gov Identifier NCT00624078) [24] . Notably, our data show that ICU admissions began to decrease dramatically beginning in 2007, despite the number of exposures experiencing major effects remaining consistent, supporting the effectiveness of the antivenom in preventing ICU admissions. Moreover, the number of non-ICU hospitalizations in Arizona also did not change, as these would generally be mildly envenomed patients that would not have received antivenom. Although there may have been a decrease in reporting of cases that received antivenom and then discharged home, serious cases that warranted ICU admission would have likely been reported to the PCCs in Arizona.
Children under 10 years of age had the highest frequencies of major effects, as well as vomiting, a finding which has been reported previously [25] . This age group also had the highest frequency of hospitalization and ICU admission. This nationwide pattern was primarily due to Arizona but was also evident in Nevada. The increased severity in younger patients and their greater ED usage and hospitalization is consistent with previous studies [6, 7] .
A seasonal pattern to scorpion exposures was evident nationwide with the greatest activity occurring during the warmer months of the year. Arizona exhibited year-round activity with a three-month Blow season^between December and February and a 4-month plateau lasting from June through September. A daily pattern was also observed with exposures more frequently reported in the evening. Arizona also exhibited a secondary peak in the morning. The seasonal variation is likely related to scorpion activity and population size while the daily variation is more likely reflective of times of increased home activity by people. One additional finding of note was related to scorpion ingestions. Although a small number of intentional ingestions was expected, the larger number of unintentional ingestions was surprising. It is impossible to know how many of these constitute miscoding versus reports of scorpions being found in food, crawling into mouths while asleep, or even pediatric exploratory ingestions.
Limitations
There are several important limitations to this study related to the data source. NPDS data collection depends on callers reporting an exposure to the local PCC. Consequently, it is possible that the numbers reported in this study are an underestimate, especially for milder envenomations in areas where residents and healthcare providers are familiar with the clinical manifestations and treatment. Even with more severe effects, ED providers in Arizona may have become more comfortable with antivenom administration and discharge home without reporting to a PCC. Another important limitation with this data set is that since scorpion exposure is based on selfreport, there is no way to confirm that a scorpion was even seen (although clinical findings at least with C. sculpturatus are relatively unique). Even if one was seen, the identity of the scorpion involved is either unknown or based on a layperson report, so no conclusions can be drawn related to specific species. As with all PCC calls, the validity of the data depends on several factors ranging from the willingness of the caller to provide appropriate information, to accurate and complete data entry at PCCs. Year-over-year changes should also be interpreted with caution because they may simply reflect differences in reporting rather than a change in exposure frequency. Finally, decisions to admit as well as admission location (ICU vs. non-ICU) are affected by many factors so regional differences should also be interpreted with caution.
Conclusions
In summary, scorpion exposures are consistently reported in almost all southern US states, usually at home, with peak exposures during warmer months and evening hours. Clinical effects were primarily pain, with varying degrees of edema and erythema; severe systemic manifestations were limited to the southwestern states-particularly Arizona and Nevada-where children under 10 years of age also had the highest rates of ICU admissions and intubations. There was a dramatic decline in ICU admissions for this age group that correlated in time with the availability of F(ab') 2 antivenom during the study period. These results can help educate both healthcare providers and the public regarding the potential for scorpion envenomation and expected manifestations.
